Abstract The retention behaviour of semicarbazides and their cyclic analogues 1,2,4-triazol-3-ones, has been investigated by RP-8, RP-18 and IAM HPLC. The structures of new derivatives were proved by elemental analyses, IR, 1 H NMR and 13 C NMR spectroscopy. The compounds showed regular retention behaviour in three chromatographic systems; their log k values decreased linearly with the increasing concentration of an organic modifier in the mobile phase. The ratio of the intercept (log k w ) to the slope of compounds is constant and the same for both groups of compounds on C18 and IAM stationary phases. Differences between log k w values from the octadecyl stationary phase of corresponding cyclic and linear derivatives are constant, and they are related to the mechanism of synthesis of 1,2,4-triazol-3-ones from linear substrate semicarbazides, which was confirmed by modelling studies. Good correlations between log k w parameters obtained by RP-8 or RP-18 and determined by the computational approach log P were found.
Introduction
Triazoles and their heterocyclic derivatives represent an interesting class of compounds possessing a wide spectrum of biological activities [1] [2] [3] [4] , including antibacterial ones [5, 6] . Examples of drugs bearing the 1,2,4-triazole residue are the powerful azole antifungal agent fluconazole [7] , as well as the potent antiviral N-nucleoside ribavirin [8] .
Their linear analogues, semicarbazides, commonly applied in the 1,2,4-triazole synthesis, are also an important class of compounds of diverse biological properties. They have been studied as anticonvulsant [9] , antitubercular [10] and antinociceptive [11] agents. Additionally, the derivatives having the heterocyclic ring exhibit antibacterial activity, inhibiting growth of some gram-positive bacteria, including B. cereus and M. luteus [12] . Some of them show antinociceptive activity in a wide range of doses [13] .
It is commonly known that biological activity of compounds is a function of their lipophilicity. Reversed phase (RP) chromatographic methods have been extensively applied to determine this property of many bioactive compounds [14, 15] . The use of alkyl-bonded phases in liquid chromatography offers a convenient and highly accurate method for the evaluation of the lipophilicity of a large variety of compounds [16, 17] . As the HPLC stationary phase for the determination of phase affinity of compounds, the immobilized artificial membrane (IAM) is also used [18] [19] [20] .
A linear relationship between the retention parameters (log k) and the concentration (u) of organic modifier (acetonitrile, methanol, or others) in the aqueous mobile phase described by the Soczewiński-Wachtmeister equation (Eq. 1) has to be established for a successful chromatographic measurement of lipophilicity [21, 22] .
log k w represents the retention factor of a solute with pure water as the mobile phase; S is the slope of the regression curve. This dependence allows for the extrapolation from the data obtained for the water-organic modifier to water as the mobile phase. On the basis of log k = f(u) relationships, the lipophilicity parameter log k w and the specific hydrophobic surface area S can be calculated. Lipophilicity chromatographic descriptors obtained in this way help explain differences in the bioactivity of similar structure derivatives. They are usually used for QSAR model building, prediction of biological activity of new structure related analogues, and design and synthesis of more effective new derivatives [23, 24] . In this work comparable chromatographic studies of biologically active mono-and bis-1,2,4-triazol-3-ones as well as their linear analogues, semicarbazides, were carried out. The octyl, octadecyl and IAM stationary phases were used. To explain differences in the retention behaviour of compounds of both groups, molecular modeling was performed. Log P values obtained from the computational approach were used comparatively.
Results and discussion
The structures of compounds under consideration are presented in Scheme 1. They include linear semicarbazides (a) and their cyclic analogues 3H-1,2,4-triazol-3-ones (b). The compounds of structure b were obtained by condensation reaction of a in alkaline medium. The process of water molecule elimination from compounds 1a-13a or two molecules from 14a and 15a gives the corresponding 3H-1,2,4-triazol-3-ones 1b-15b. The substitution panel of compounds under consideration includes heterocyclic, aryl, alkyl and alkenyl groups. The structures of new derivatives were proved by elemental analyses, IR, 1 H NMR and 13 C NMR spectroscopy. The UV-Vis spectra in water-methanol solutions of different pH of compounds 13a and 13b are presented in Fig. 1 . They show that there are no significant changes in their electronic structure at pH 2-8. As pH 7.4 (physiological) is recommended for IAM chromatography measurements, for comparison all chromatographic experiments were performed at this pH.
The log k values of compounds were determined using C-8, C-18 and IAM stationary phases. The mobile phases consisted of buffer mixed with various amounts of methanol or acetonitrile to give pH 7.4. Linear relationships were obtained between the log k and u in the mobile phase in the whole studied ranges for all stationary phases. Generally, for semicarbazide derivatives and IAM chromatography, a larger content of water in the mobile phase can be used (Tables 1, 2 ). For some compounds log k w values on IAM were determined experimentally. The chromatograms of compound 12a are shown in Fig. 2 .
The equations of the straight lines and statistics for three techniques are reported in Tables 1 and 2 . As follows from the tables the absolute values of the slopes |S| are the highest for the IAM stationary phase for both semicarbazides and 3H-1,2,4-triazol-3-ones. In the case of RP-8 and RP-18 chromatography, the log k w values for the linear structures (1a-15a) are lower than for the cyclic ones (1b-15b).
Biagi et al. [25] found that for closely congeneric compounds, the ratio of the intercept (log k w ) to the slope (S) in Eq. 1 is constant. The relationships between these parameters of semicarbazides (a) for RP-8, 18 
The best results were obtained for the C-18 stationary phase (Eqs. 3, 6) . However, in all cases congenerity of compounds was confirmed. The slopes of Eqs. 2 and 5, 3 and 6, as well as 4 and 7 are similar. This may indicate the Compounds 2a and 2b are outliers in IAM chromatography. The equations show that semicarbazides and corresponding 3H-1,2,4-triazol-3-ones are a set of congeneric compounds [25, 26] . Therefore, they were analyzed together during further studies.
The relationships between the log k w values obtained by different chromatographic techniques are not very powerful. It can be assumed that compounds 14 and 15 (with two semicarbazide moieties or two triazole rings) are outliers. Under this assumption, the relationships 
The weakest correlation was found between the most hydrophobic phase and the most polar one (Eq. 12).
For comparison, the theoretical values of log P were calculated according to the fragmentation method introduced by Crippen [27] . The analysis of both groups of compounds gives the following equation: 
Compounds 14 and 15 are outliers in Eq. 14. In the case of IAM chromatography very poor correlation was obtained (r = 0.753, n = 30).
Markedly different chromatographic behaviour of solutes on the IAM chromatography is a result of some differences in the stationary phase structure [28] . Generally, the correlation between the logarithms of the retention factor determined on the IAM columns log k w(IAM) and the reference parameter of hydrophobicity, log D as well as log k w(C18) (logP) is not large [29] . However, the log k w(IAM) values appeared to be a better predictor of bioactivity than log D for several classes of drugs [29, 30] .
As the transformation of semicarbazides into 3H-1,2,4-triazol-3-ones is associated with the elimination of water, the differences between log k w(b) and log k w(a) values, D log k w , were calculated. Table 3 shows that the lipophilicity differences between the corresponding derivatives in RP-18 chromatography, D log k w(C18) , are in the range about 0.5-0.7. Higher values (about 1.2) for compounds 14 and 15 were found. They are formed by the elimination of two water molecules from the linear substrates (Scheme 1), so the lipophilicity differences are about twice as large. A similar trend for RP-8 chromatography was observed (Table 3 ). This finding reflects the synthesis mechanism of compounds of structure b from a. At the same time it shows that the elimination of water from a molecule reduces its lipophilicity as well as absolute values of the specific hydrophobic surface, and the ratio of the intercept (log k w ) to the slope (-S) of compounds is constant in both groups. The obtained results are in accordance with the fragmental method used for log P calculations [27] . The differences between log P values of compound structures b and a are equal 1.13 (1.12) for analogues 1-13 and 2.26 for 14 and 15.
The differences between the log k w(IAM(b)) and log k w(IAM(a)) values, D log k w(IAM) , are varied (Table 3) .
To compare the structures of compounds quantum mechanical calculations were carried out with the semiempirical model at the PM3 basis set. In Fig. 6 compounds   7a and 7b are shown as representative analogues of the analysed groups.
As follows from Fig. 6 elimination of water from an a molecule remarkably changes its shape, flexibility and dipole moment, and decreases both the area and volume. Of course, changes of individual compounds are also a function of the substituents. The MEPs, the electrostatic potential profile of compounds, show that the most negative potential of compound structure a is located on four heteroatoms of the semicarbazide moiety (without taking the substituent into account). In the cyclic analogues b it covers mainly two oxygen atoms. The area and volume reduction of b compared to a is associated with reduction of the polar local area of molecules. It causes stronger interactions with the hydrophobic octadecyl or octyl stationary phases and increases lipophilicity.
In conclusion, new semicarbazides and corresponding 1,2,4-triazol-3-one derivatives have been synthesized. In RP-8, RP-18 and IAM chromatography, the dependences of log k versus the concentration of an organic modifier (u) in the mobile phase were linear. The constant ratio of the intercept (log k w ) to the slope (-S) of compounds showed that the compounds of both groups are congeneric according to Biagi. The differences in the retention behaviour of compounds of structures b and a in C-18 and C-8 chromatography reflect the synthesis method of 1,2,4-triazol-3-ones from linear substrates connected with the elimination of water from a molecule. The good correlation coefficient between the log k w values obtained by octadecyl and octyl phases suggests that these parameters can be used independently in the evaluation of compounds under consideration. Fig. 5 Relationship between the intercept (log k w ) and slopes (-S) of both groups of compounds (a and b) obtained by IAM stationary phase (Eq. 10) Table 3 The lipophilicity differences between the 3H-1,2,4-triazol-3-ones and the corresponding semicarbazides (D log k w ) obtained by different chromatographic systems 
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Experimental
Melting points were determined in a Fisher-Johns block. Elemental analyses (C, H, N) were conducted using an Elemental Analyser CHN; their results were found to be in good agreement with the calculated values. IR spectra were recorded from KBr discs using a Specord IR-75 spectrophotometer. 1 H NMR spectra were recorded on a Bruker AC 300F instrument (300 MHz) in DMSO-d 6 with TMS as an internal standard. 13 C NMR spectra were recorded on a Bruker AC 250F instrument (62.5 MHz) in DMSO-d 6 with TMS as an internal standard. Chemicals were purchased from Alfa-Aesar or Merck. The purity of the obtained compounds was checked by TLC on aluminum oxide 60 F 254 plates (Merck) in a CHCl 3 /C 2 H 5 OH (10:1 and 10:2) solvent system with UV or iodine visualization. Compounds 1-4, 6-8, 11a-13a and 14 were synthesized and characterized earlier [31] [32] [33] [34] [35] .
Synthesis of 1,4-disubstituted semicarbazides
To 10 mmol of appropriate carboxylic acid hydrazide dissolved in 10 cm 3 of diethyl ether 10 mmol isocyanate was added. The mixture was kept at room temperature for 24 h. The precipitate was filtered and crystallized from ethanol. Methyl-1H-pyrrole-2-acetic acid 2-[(2-propenylamino) with dilute hydrochloric acid. The precipitate was filtered off and then crystallized from ethanol. 
1-
2,4-Dihydro-5-[(1-methyl-1H-pyrrol-2-yl)methyl]-4-(2- propenyl)-3H-1,
UV-Vis spectroscopy
UV-Vis spectra were recorded in water (buffer)-methanol (1:1) solution on a UV-160A Shimadzu Spectrophotometer. Quartz cuvettes (1 cm) were used for measurements.
Liquid chromatography
HPLC was carried out using a liquid chromatograph (Knauer, Berlin, Germany) with a dual pump, a 20-mm 3 simple injection valve and a UV-visible detector at 254 nm. The samples were prepared as solutions in methanol.
RP-8 chromatography
A Hypersil MOS2 C8 (5 lm, 150 9 4.6 mm) column was used as the stationary phase. The mobile phase consisted of different volume mixtures of methanol and 20 mM acetate buffer (KCl) as the aqueous phase to give pH 7.4. The methanol concentration ranged from 0.10 to 0.70 at 0.1 (0.05) intervals. The flow rate was 1 cm 3 min -1 at room temperature. The retention time of an unretained solute (t 0 ) was determined by the injection of a small amount of acetone dissolved in water.
RP-18 chromatography
A Hypersil Gold C18 (3 lm, 100 9 3 mm) column was used as the stationary phase. The mobile phase consisted of different volume mixtures of methanol and 20 mM phosphate buffer as the aqueous phase to give pH 7.4. The methanol concentration ranged from 0.30 to 0.75, depending on the structure of compound, at 0.05 (0.1) intervals. The flow rate was 0.5 cm 3 min -1 at room temperature. The retention time of an unretained solute (t 0 ) was determined by the injection of a small amount of acetone dissolved in water.
IAM chromatography
A Rexchrom IAM.PC.DD2 (12 lm, 100 9 4.6 mm, 300 Å ) (Regis Technologies) column was used as the stationary phase. The mobile phase consisted of different volume mixtures of acetonitrile and 20 mM phosphate buffer as the aqueous phase to give pH 7.4 (0.02 M KH 2 PO 4 , Na 2 HPO 4 , and 0.15 M KCl). The acetonitrile concentration ranged from 0 to 0.50, depending on the structure of compound, at 0.05 intervals. The flow rate was 1 cm 3 min -1 at room temperature. The retention time of an unretained solute (t 0 ) was determined by the injection of a small amount of citric acid dissolved in water [36, 37] .
Computational methods
The 3D structure of each compound was built up from the fragment library in the PC SPARTAN Pro ver 1.08 molecular modeling program, and it was fully geometryoptimized at the semi-empirical PM3 level [38] . The energy-minimized structure was subjected to conformational analysis implemented in SPARTAN. Conformational analysis was carried out through systemic conformation option. The conformers of the lowest energy were compared. The log P values were calculated using ChemDraw Ultra 10.0 [39] .
Statistic analysis
The coefficients in the regression equations were calculated by the multiple regression analysis program Statistica, version 7.1 [40] . Statistical significance of the regression equation was tested by the correlation coefficient (r), the standard error of estimate (s) and the variance ratio (F) at specified degrees of freedom (df), n number of compounds.
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